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CHAPTER 3
ENVI RONVENTAL CONSI DERATI ONS FOR PRELI M NARY DESI GN
3-1. Introduction. Environnental factors should be considered fromthe out-

set of flood control channel project planning and design rather than as after-
t houghts. Channel projects frequently offer unique opportunities for

i ncorporation of environmental features. Integrating hydrol ogic, hydraulic,
ecol ogi c, aesthetic, and cultural considerations in the design process is nec-
essary because natural streans are systens conposed of interrel ated physical
chemical, and biol ogical subsystens that are uniquely characteristic to each
proj ect .

a. Subsystem Li nkage. Stream systens are conplex and often differ from
one another with respect to physical and chem cal characteristics and bio-
| ogi cal community structure. Chem cal and biol ogi cal subsystens depend to a
| arge extent on watershed characteristics, stream hydrology, and climatic con-
ditions. Relationships between watershed conditions and stream character-
istics are discussed in paragraph 3-3.

(1) Chem cal subsystem Stream water chemistry reflects the geol ogy and
local climate in the drai nage basin and any point or nonpoint source pollu-
tion. Water tenperature, which controls the solubility of both gases and
solids and the rates of chem cal reactions, is controlled by clinmate, water
source, water use, flow depth, and, for narrow streans, shade

(2) Biological subsystem The plant and ani mal communities of a given
stream are governed both by water quality and the physical characteristics of
the stream Wnger (1981) presents a thorough literature review of stream
characteristics and a general classification of small streans as war mwvater or
col dwater; each type has a characteristic norphol ogy, chem cal regine, and
bi ol ogi cal assenbl age (Table 3-1).

b. Human Use. Human use of a given streamfor recreation or water
supply is al so governed by the constraints inposed by the physical, chem cal
and bi ol ogi cal subsystens. For a given |level of demand, recreational use
depends on wi dth, depth, velocity, accessibility, and water quality. Water
clarity and bacterial quality are nost often used in streamrecreation cri-
teria. Fishery and wildlife resources are controlled by the biological sub-
system and are subject to all the influences it experiences. The aesthetic
value of a streamis a function of the diversity and conposition of the water
resource itself, riparian vegetation, surrounding |andforns, and adjacent |and
uses.

c. Systens and Design. The net environnental effect of stream channe
nodi fication can be inproved by studying the effects on the chenical and bio-
| ogi cal subsystems fromalteration of the physical subsystem In particular
t he desi gner should strive to maintain the existing width, depth, velocity,
and bed material size. Actions that reduce shade (fromriparian trees and
shrubs) are particularly undesirable for small, |ow order streams because
cover is an inportant habitat feature. An integrated approach to planning and
design that considers effects on chenical and biol ogi cal subsystens and
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Table 3-1. CGeneral Characteristics of Warmwater and Col dwater Streans
Characteristic Col dwat er WAr mnat er

Geol ogy Yout hf ul More mature

Val | ey shape
Tenperat ure
Di schar ge

Vel ocity

Dept h

W dt h

Bed materi al
G adi ent

El evati on
Turbidity

Pools (riffles)

Tenmporal variability
Aquatic flora
Shade and cover

Organic materi al

Di stance from source
St ream or der
Conpetition
Predatory fish

Fi sh comunity

Fish diversity

V
Cold (<20° C
Low

Moder ate (high
t ur bul ence)

Shal | ow
3 to 20 feet

Rubbl e- gr avel

Hi gh

Hi gh

C ear

Short (many
riffles)

Hi gh

Peri phyt on

Ext ensi ve

Coarse particul ate
organi c matter

<5 nmiles

Low (<3)
Intraspecific
Few

Tr out

Low

U
Cool -warm (>20° Q)
Medi um hi gh

Moderate to high
(1 ow turbul ence)

Medi um to noderate
>10 feet
Rubbl e- sand- nud
Low

Low

Clear-turbid

Long (fewriffles)

Low
Macr ophyt es
Spar se

Fine particul ate
organi c matter

>10 mles
Hi gh (>3)

Interspecific

Many

Bream bass, sunfi shes,
catfish, suckers

Hi gh

Source: W nger

(1981) .
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potential human uses can result in a project that is superior in nany respects
even to preproject conditions.

3-2. Water Quality.

a. General. Water quality in streanms depends on chem cal and physica
properties as reflected by such conditions as nutrient enrichment, turbidity,
tenmperature, dissolved oxygen concentration, atypical concentrations of bio-
degradabl e organic materials, and the presence of toxins and other harnfu
chemicals. Deteriorated water quality not only affects aquatic ecosystens but
is often associated with degraded appearance and unpl easant odors and can
i nfl uence the use and managenent of water resources.

b. Controls on Stream Water Quality.

(1) Watershed conditions. Water quality in streans is largely a func-
tion of watershed and stream characteristics. Streans draining undisturbed
wat er sheds contain suspended and di ssol ved substances provided by natura
weat hering of rocks and minerals. Concentrations beyond these natural back-
ground |l evels reflect tenporary natural disturbances, such as vol canic erup-
tions, forest fires, and | andslides, or human activities such as agriculture,
irrigation, mning, |ogging, construction, and waste di sposal. Human | and-

di sturbing activities and sone types of natural catastrophes alter rainfall-
runof f relationships and supply large quantities of sedinment and nutrients
that increase streamturbidity levels, especially during high-di scharge
events. Erosion of streanbeds and banks caused by increased runoff rates and
frequencies al so contributes to increased turbidities.

(2) Hydrol ogy. Drainage basin hydrol ogy greatly influences water qual -
ity. Streans draining areas with |ow precipitation and sparse vegetati on have
hi gher sedi ment concentrations than streans in nore hum d regions. During
| ow- di scharge periods, streams may have hi gher water tenperatures, |ower
oxygen concentrations, nutrient enrichnent, higher pollutant concentrations,
and | ower sedi ment concentrations than during high-flow periods. H gh dis-
charges, on the other hand, typically have increased sedi nent concentrations,
and stornflows nay contain increased pollutant |oads, especially in |arge
urban and agricul tural areas.

(3) Turbulence. Several aspects of streamwater quality are related to
turbulent flow. The amount of surface reaeration depends on turbul ence, which
is |largely dependent upon stream gradi ent, roughness el enments, and flow depth.
St eep, shallow, high-velocity streams are well oxygenated and well m xed and
are nore capable of oxidizing organic materials than deep, |ow gradient
streans with simlar tenperature regi nes. Suspended sedi nent concentrations,
and thus turbidities, are directly related to turbul ence.

(4) Organic and chenical pollutants. Streampollution is typically
categori zed as originating fromeither point sources or nonpoint sources.
Sewage treatnent plants, industrial operations, accidental spills, and other
poi nt sources rel ease a variety of substances into streans, sonme of which are
highly toxic. Urban and agricultural runoff are the nbpst comopn nonpoi nt
sources and supply large quantities of organics, nutrients, and chenica
resi dues from pesticides and herbi ci des.
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c. Cause-Effect Relationships. Although it is clear that water quality
is the product of watershed conditions, human activities, and stream charac-
teristics, the effects are often additive in nature. Thus, except for pol-
lutants that nay be traced to single sources due to their geographic |ocation
or temporal occurrence, or those pollutants that are uniquely associated with
specific sources for functional reasons (such as dye used in only one type of
manuf acturing operation), it may be difficult to isolate individual cause-
ef fect relationships that determ ne water quality.

d. Data Sources.

(1) Published data. Published water quality data are available from
several sources, sone of which are listed in Appendix B. Caution should be
exercised in extracting data fromthe public data sources to ensure that
meani ngf ul and hi gh-quality data are used.

(2) Data collection. Refer to Chapter 6 for general guidance on data
col I ection.

e. Effects of Flood Control Channel Projects on Water Quality. Water
quality paraneters that may be affected directly by channel nodifications for
flood control are turbidity, tenperature, dissolved oxygen, and organic con-
stituents. Dredging, excavation, and disposal may rel ease various chenicals
t hrough resuspensi on and | eaching. Nutrient |levels, chem cal pollutants, and
turbidity may be increased indirectly as a result of induced | and use changes.
Studies of the effects of channel projects on water quality are presented in
Kuenzler et al. (1977), Sinmons and Watkins (1982)., and Shields and Sanders
(1986).

(1) Turbidity and suspended sedi ment. Wthout preventive neasures dur-
ing construction, turbidity and suspended sedi nent |evels may increase as much
as an order of magnitude. Pronounced increases tend to be short term but
post construction | evels sonetinmes continue above preconstruction |levels due to
hi gher flow vel ocities, channel erosion, and sedi nent derived frominduced
| and use changes such as agricultural |and conversion. Erosion and sedi nent a-
tion associated with high sedi nent concentrations can destroy spawni ng habitat
for fish and benthic substrates critical to macroinvertebrates.

(2) Water tenperature. Tenperature is an inportant water quality param
eter because it influences chem cal and biol ogical stream processes. Aquatic
organi sns are extrenmely sensitive to increases in tenperature above anbient
conditions, and tenperature increases may i nduce early spawni ng of nany organ-
i sns. Renpval of shade has been observed to result in higher tenperatures
(1° to 10° ©) in and bel ow nodifi ed reaches. Channel |inings such as concrete
further aggravate this condition. Tenperature effects of channel nodifica-
tions may decline through time if shade-producing vegetation is allowed to
become reestablished al ong streans.

(3) Dissolved oxygen. Studies of the effects of channel nodifications
on di ssol ved oxygen concentrations have found no effects in sone cases and
beneficial effects in others. Mdifications that increase flow velocities or
that convert intermittent streans into permanently flow ng streans often pro-
duce increases in dissolved oxygen concentrations.
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(4) Chem cal constituents. Were reduced threat of flooding has
encour aged urban devel opnment or wi despread clearing of |and and expansi on of
agriculture, nutrient levels are often higher in nodified than in unnodified
channel s. Modern agriculture relies heavily on fertilizers, pesticides, and
her bi ci des. Livestock operations generate |arge volunes of aninmal wastes that
are difficult to dispose. As a consequence, any expansion or intensification
of farming operations is likely to result in increased anbunts of nutrients,
sedi ments, and bacteria in streans. |nduced effects of channel nodifications
such as these tend to be long termand are likely to intensify through time.
A variety of other chem cal concentrations may be affected by channel nodi-
fications, especially if the channel is excavated or dredged. Soils or sedi-
ments exposed by excavation or nmaterial disposal may be | eached of heavy
nmetal s or other substances, some of which may be hazardous or toxic.

f. Water Quality and Project Design. Water quality can influence and be
i nfl uenced by project design. Many features designed to inprove environmental
benefits of flood channel projects will not work or will produce few benefits
if placed in channels with poor water quality. Conversely, channels can be
designed so that water quality is enhanced rather than degraded. |nformation
concerning water quality inpacts on flood channel design and environmental
features to inmprove water quality can be found in WES TRs E-82-7 and E-85-3.
Sources of water quality data are discussed in Appendix B

(1) Prediction of effects. In many cases it is possible to predict the
type and rel ative magnitude of changes in water quality of flood control chan-
nels with water quality nodels. These nmodel s nmust include the appropriate
mechani sns for simulating transport processes and various physical, chenical
and bi ol ogi cal characteristics. Numerical and physical nodels have been used
to estimate erosion and sedinmentation in flood control channels. The accuracy
and useful ness of water quality/sedi nent transport nodels are very dependent
upon the skill of the nodeler and the quality of the data. The proper appli-
cation of many nodels requires training and experience. Although the capa-
bilities for nodeling water quality and sedi nent transport have advanced
substantially, it is still difficult to assess the inmpact of water quality
changes on biol ogical resources. Even when sufficient data are unavailable to
permt the use of empirical fornulas or nodels, some notion of expected water
quality effects can be gained by investigating sinilar project designs nearby
or those located in simlar environnents el sewhere.

(2) Water quality and environnmental features. Biological productivity
and aesthetic and recreational benefits of flood control channels are strongly
i nfluenced by water quality. Aquatic productivity is influenced by a variety
of physical and chemical water quality paranmeters, including dissolved oxygen
suspended sedi nent, tenperature, nutrients, and presence of hazardous or toxic
substances. Water quality paraneters that influence appearance and odor have
the greatest effect on aesthetics. Recreational benefits are also influenced
by odor and appearance, but the presence of biological or chemnical contam -
nants may be the overriding concern for boating and swi nming. (Refer to
US Environnental Protection Agency, EPA 400/5-86-0001, Quality Criteria for
Water 1986, for the water quality criteria for aesthetics, recreation, and
aquatic life.)
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(3) Preventive neasures. Opportunities exist during the planning,
desi gn, construction, and maintenance of flood channels to inprove water qual -
ity or prevent deterioration. WES TR E-85-3 presents information and pro-
cedures for selecting and designing features that inprove water quality
conditions in flood channels.

(a) Short-termwater quality inmpacts associated with construction can be
reduced by enploying dry construction techniques; using erosion and sedi nment
control devices such as sedi nent basins; scheduling construction in stages or
steps; mnimzing areas disturbed and exposure time; protecting disturbed
soils with nmul ches, covers, and chemicals; and using flocculants to induce
sedi nentati on. Techni ques for reducing erosion and sedi mentation from con-
struction sites can be found in WES Instruction Report (IR) EL-83-1 and in
manual s, including those by the Soil Conservation Service, US Departnent of
Agriculture (1973), Hittman Associates (1976), and Ami noto (1978).

(b) Existing streanside vegetation can be preserved and new pl anti ngs
can be designed to provide shade, organic matter, and wildlife and fisheries
habitat. Selective clearing and snaggi ng, single-bank construction, and ot her
techni ques to preserve vegetation are discussed in WES TR E- 85- 3.

(c) Instream structures such as fish habitat devices, weirs, and drop
structures can be used to add turbul ence and to maintain flow through cutoff
bendways. In sone instances it nay be beneficial to supplenment inflows to
cut of f bendways by punping. Water quality on conpleted projects can be
i mproved by coordinating with State and | ocal governnents to control pollution
t hrough zoning, enforcement of water quality |egislation, and enpl oyment of
best nanagement practices to control runoff and erosion in agricultural areas.

3-3. Fluvial Geonorphol ogy.

a. CGeneral. Streans are conpl ex systens conposed of hydraulic, geo-
nor phi c, biologic, and physical -chenical conmponents. The stream system in
turn, is one part of the overall fluvial systemthat includes the watershed
(Table 3-2). Streans that drain unaltered or undisturbed watersheds tend to
be norphol ogically stable, transporting the water and sedi ment | oads inposed
fromthe watershed without enlarging or aggradi ng. Hunman activities or
changes in natural conditions in a watershed affect the discharge of water and
sedi nent and can trigger changes in streamsystens. In a sinilar fashion
changes in one paraneter of the stream system-water and sedi ment discharge,
sl ope, channel roughness, w dth, depth, or channel pattern--may induce changes
in one or nore of the others. It is therefore essential that those involved
in the planning, design, construction, and mai ntenance of flood control chan-
nel projects understand the necessity of treating the stream its watershed,
and associ ated resources as a unified system The stability of this system
may be studi ed through geonorphic and sedi mentation anal yses. These anal yses
are valuable tools for estimating streamresponse to channel nodifications and
the effect of ecol ogical resources. They consist of assessing the stability
of the existing systemand the systenis potential response to project
nodi fi cati ons.

b. Ecol ogical Inplications of Geonorphic Change. Watershed changes,
channel nodifications, and resulting geonorphic changes affect aquatic habitat

3-6
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Tabl e 3-2. The Watershed Subsystem

Wat er shed

Characteristic Process Response
Precipitation I nterception Soi | noisture
Sol ar radi ation Evapot ranspi rati on Ground wat er
Tenper ature Infiltration Wat er di scharge
Vegetation and | and use Thr oughf | ow Sedi nent di scharge
Soil's Overland fl ow
Geol ogy Soi | erosion
Topogr aphy

and ecol ogi cal resources. Erosion in degradi ng channels produces unstable
substrate and may undermine habitat structures and water control structures.
Sedi nent from di sturbed wat ersheds or erodi ng channel s produces sandy, shift-
ing substrate with little habitat value, fills pools and | owfl ow channel s,
and covers structures that provide fish habitat. At |ow flows, large flood
control channels typically have shall ow depths and uniform fl ow vel ocities,
whereas at flood di scharges they have uniformy high velocities with little
cover to provide protection for fish. Geonorphic and sedi nent anal yses can be
val uable tools for estimating streamresponse to channel nodifications and the
ef fect on ecol ogi cal resources.

3-4. Ecol ogi cal Resources.

a. CGeneral. It is a national policy that fish and wildlife resources
conservation be given equal consideration with other study purposes in the
formul ati on and eval uati on of alternative plans. Fish and wildlife resources
i nclude vertebrate and invertebrate aninals and their habitat. Streans and
adj acent riparian areas are often inmportant and highly val ued ecosystens.

b. Effects on Fish and Wldlife. The potential effects of an action
(such as lining a strean) on fish and wildlife resources nust be described and
anal yzed before the action is taken. Guidance on this is provided in
ER1105-2-100 and its references. There is an assuned positive relationship
bet ween habitat quality and fish and wildlife popul ati ons, and ER 1105-2-100
requi res use of habitat-based nmethods, supplenmented with user-day, popul ation
census, or other quantified information, for fish and wildlife inpact
anal ysi s.

(1) Habitat-based eval uati on net hods use species, groups of species, or
entire animal comunities as evaluation elenents. The quantity of avail able
habitat is determ ned from maps and phot ographs. Habitat quality is derived
froma nodel that relates features of the environment to habitat requirenents
of the selected species or other evaluation elenment. The nodel may be math-
ematical or descriptive. The nore objective and docunmented the approach, the
nore repeatable the process. The habitat evaluation nethod to be applied
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shoul d be conpatible with project needs in purpose and | evel of detail
Exanpl es of the various habitat evaluation nmethods are provided in WES M s-

cel | aneous Paper EL-85-8 (Roberts and O Neil 1985), and assistance in applying
these nethods is provided in WES IR EL-85-3 (O Neil 1985).

(2) A direct evaluation of a species, not just its habitat, may be war-
ranted for species protected by |aw or those of special significance in the
project area. Exanples include endangered or threatened species and mgjor
sport or comercial fisheries such as salnmon. Ot her fish and wildlife con-
siderations are addressed in ER 1105-22-100.

3-5. Cultural Resources.

a. General. Cultural resources are the physical evidence of past and
present habitation that can be used to reconstruct or preserve the story of
human presence in an area. This evidence consists of structures, sites,
artifacts, and other relevant information about an area. Corps projects nust
conply with the National Historic Preservation Act (NHPA) and the Archeol ogi -
cal and Historic Preservation Act. These Acts require that the inpact on sig-
nificant historic sites or resources be considered and that adverse inpacts be
m ni m zed t hrough devel opment of managenent plans for protection of historic
and cultural resources affected by a project. Up to 1 percent of the tota
Federal authorized costs, after the feasibility stage, nmay be spent for
identification, recovery, and preservation of historic properties at author-
ized Civil Works projects. Conpliance with these requirements is acconplished
t hrough coordination with the State Historic Preservation Oficer (SHPO and
t he Advi sory Council on Historic Preservation (ACHP). Guidance on considera-
tion of cultural resources is provided in ER 1105-2-100, chapter 7.

b. Cultural Resource Inventory and |npact Assessnment. The identifi-
cation of cultural resources in the study area is acconplished through review
of the National Register of Historic Places, the archives and other files of
the SHPO, other public records, and prior historic resource investigations.
Historic and cultural resources are identified for possible eligibility for
Nati onal Register listing. An assessnent is nade of the predicted inpact to
the identified cultural resources. If properties listed or eligible for
listing in the National Register will be affected, review and comments by the
SHPO and and ACHP must be obtained pursuant to Section 106 of the NHPA and
36 CFR 800.

c. Mtigation of Adverse Inpacts. Prior to construction, plans are
devel oped for mitigation of adverse inpacts to properties listed or eligible
for listing in the National Register of Historic Places. After the inpact
assessment described in the precedi ng paragraph, nore extensive surveys, test-
ing, and determination of eligibility for National Register listing may be
requi red. Based on any additional documentation, plans are devel oped for
mtigation of adverse inpacts. A Menorandum of Agreenent (MOA) is negotiated
bet ween t he Corps of Engi neers and the ACHP and SHPO. The MOA specifies the
actions that will be taken by the Corps during project construction to mti-
gate adverse effects on National Register and eligible properties.
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3-6. Aesthetic Resources.

a. CGeneral. Streans and adjacent riparian areas are often highly val ued
as aesthetic resources. An assessnent of existing visual quality and eval ua-
tion of visual inpacts should be a part of planning and design. Procedures
for evaluating visual quality and inpacts have been devel oped by the WES (see
WES | R EL-88-1).

b. Visual Inpact Assessnent.

(1) The visual inpacts resulting froma flood control channel should be
assessed early enough in planning and design so that measures can be taken to
m ni m ze adverse inpacts, protect existing visual quality, or inprove degraded
visual quality considerations. The eval uation of the extent and beneficial or
adverse nature of visual inpacts is dependent in part on the existing visua
quality. The acceptability and conpatibility of flood control design is
affected by the project setting and the expectations of users, e.g., recre-
ationists, residents, or workers in an industrial area. The visual quality of
a project area nmay be inproved by a channel project when, for instance,
denuded, erodi ng banks are replaced by a stable bank |line and grassed banks.

(2) Visual inpact assessment is acconplished by conmparing with- and
wi t hout - project conditions. |If resources are not avail able for preparation of
vi sual sinulations, visual inpact assessnent is |limted to deternining the
changes in vegetation, |andform and other visual resources. Visual simnula-
tions of alternative designs can be devel oped t hrough sketches, rendering
(painting the design on a photograph), and a nunber of conputer-assisted
met hods. After the visual effects have been assessed, adverse visual inpacts
are identified. These adverse visual inpacts provide the basis for refornmula-
tion of the project or for inplenentation of design and constructi on neasures
to mnimze adverse inpacts.

c. Measures to Protect and Maintain Visual Quality. Design, construc-
tion, and operation measures can be used to protect and maintain the visua
quality of flood control projects. These neasures include the foll ow ng:

(1) Use of vegetation and natural materials can reduce the visual con-
trast of a flood control structure with the project setting. Vegetation and
natural riverine substances, e.g., gravel and rock, can be used alone or in
conbination with structures to provide a nore natural appearance. M ninizing
t he extent of bank and streanside clearing and using vegetation in the design
preserve the natural appearance of the project setting. Restoration of exca-
vat ed, eroded, and cleared areas can be perforned as part of construction
activities.

(2) Changes in design elements can inprove the visual conpatibility of a
channel design within a project setting. The design el enments of concern are
form line, color, texture, and scale. Depending upon the limts of perfor-
mance and costs, the various design el enents can be changed to i nprove the
vi sual aspects of the project. For exanple, concrete can be textured to pick
up the texture patterns of the bank line setting. Excavation and di sposa
areas can be contoured to reproduce the formand scal e of the existing |and-
scape. Color can he manipulated in concrete adni xtures, staining of grout.
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and use of vegetation. Subject to other project design and nai ntenance con-
straints, vegetation can be used to nodify or screen structural forns and
lines. Figure 3-1 depicts a flood control project on Tamal pais Creek. Cali -
fornia, that was constructed by the US Army Engi neer District, San Franci sco.
and incorporates several aesthetic measures.

(3) Construction and mai ntenance procedures can be nodified or
to mnimze destruction of vegetation. WAter-based construction minimzes the
need for haul roads and clearing for access. Sinilarly, construction
single side of the streamlimts the anmount of required clearing.
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View after project. The curving alignnent, redwood
fence, and special concrete finish contribute to
vi sual effect

Fi gure 3-1. Enhancenent of flood channel aesthetics,
Tamal pais Creek, Calif.
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